In order to evaluate submarine groundwater discharge (SGD) rates continuously and automatically, a "continuous heat-type" automated seepage meter was newly developed, and it was applied to Tannowa, Osaka Bay, Japan. The meter is based on the measurements of the temperature gradient of the water between the downstream and upstream positions in a pipe. According to two months continuous measurements of SGD every 10 minutes, semi-diurnal periodical changes in SGD were found in Tannowa.
cm/day). They are commonly employed to determine groundwater -surface water interactions near the lakes since the 1970' s, and are increasingly utilized in coastal marine environments for studies where simple, inexpensive methods may be required.
The most serious disadvantage for evaluating SGD directly is that the traditional manual seepage meters are very labor intensive. In order to obtain the groundwater discharge rate automatically and continuously, various types of automated seepage meters have been developed.
Installations of seepage meters remotely from the surface of various water bodies were attempted by Fukuo (1986) , Cherkauer and McBride (1988), and Boyle (1994) . Sayles and Dickinson (1990) constructed a seepage meter which is a benthic chamber for the sampling and analysis of seepage through sediments associated with hydrothermal vents. Flow meters based on ultrasonic measurements are also used to evaluate seepage flow (Paulsen et al., 1997) .
One example of such an automated approach for measurement of SGD rate is the heat-pulse device described by Taniguchi and Fukuo (1993, 1996) and a similar device constructed by Krupa et al. (1998) .
The purposes of this study are (1) (1) where X is the output voltage (V) and Y is the water velocity (cm/h) in the pipe.
As can be seen from Figure 3 , the output voltage which is correlated to the temperature gradient between two sensors in the pipe, decreases with increasing water velocity. Therefore, we can obtain SGD rates from this calibration curve and the output voltage with the areal ratio of the chamber and the pipe.
Study area
The study area is located in Tannowa, south of Osaka Bay, Japan (Figure 4) . The seabed surface consists of muddy sand, and some sea glasses are found in the area. The annual precipitation is about 1400 mm/year, and annual air temperature is 16.2 °C. There are several rivers which flow into the Osaka Bay. The largest river among them is the Yodo River with the average discharge rate of about 250 m3/s.
The study area, Tannowa, is located in the suburban area, and no large river exists near there.
The newly developed continuous heat-type This is attributed to the tidal effects on SGD.
The time lag between the maximums of the SGD rate and the minimums of the tidal level was also found to be about 5 hours. The newly developed automated seepage meter can provide longer-term and higher-resolution measurements of SGD which will help to understand the relevant hydrological and coastal oceanographic processes.
